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1) Locating wm on linkage group 8 . 
The genes r eported on linkage gr oup 8 (LG 8) are w1 , wm , and ms1 (Soy-
bean Genetics Committee, 1977) . The recombination percentages between w1 
and ms1 and w1 and wm are 29 . 7 ± 1. 6 and 2. 2 ± 0.5, respectively . However , 
t he order of the genes is not known. It may be wl, wm, and ms1 , or wm , w1 , 
and ms1 • In order to determine the order of the genes, the chromosome num-
ber and constitution of F2 progenies of hybrids between translocation 
172- 11-3 (purple flower , w1 Wm) and T235 (magenta flower, w1 wm) were deter-
mined. 
The interchange chromosomes in 172- 11- 3 are recognizable in root tip 
squashes . The short interchange chromosome has the satellite ; the other 
inter change chromosome is longer than any of the chromosomes of the standard 
complement . In hybrids involving 172-11-3 , gametes with a duplication- de-
ficiency , D(N2 T3 chromosomes), are functional in the female . Data of 
crosses between 172-11-3 (++) x Tl61 (w1 +) and A77-139 (w1 ms1 ) have indi-
cated that the w1 locus is on the short interchange chromosome . Furthermore , 
data of a cross between 172-11-3 and A77-139 indicated that the breakpoint 
is between the locus of w
1 
and ms1 (Sadanaga, unpublished). 
The wm locus can be at points shown in Figs. la, lb , or le . Data in 
Table 1 rule out the possibility that the correct order is that shown in 
Fig . la because all N/D (N2 N4/N2 T3) progenies had magenta flowers . If the 
correct order is that shown in Fig. lb, N/N (N2 N4/N2 N4) chromosome-plants 
with purple flowers would be expected to occur at a recombination frequency 
abou t 4%, the sum of the recombination frequencies between w1 and the break-
point 2% (Sadanaga and Grindeland, submitted for publication) and w1 and wm 
2. 2% . No crossovers were detected in 90 N/N and 19 N/D plants (Table 1) . 
The order shown in Fig. l e, w1 , wm, breakpoint, and ms1 , fit the data in 
Table 1. 
Table 1. Chromosome number and const itution, and phenotype of F2 soybean 
progenies of a cross between T235 (magenta) x 172-11-3 (purple) 
Number 
40 
Total 
Chromosome ~~~~ 
Constitution 
N/N 
N/T 
T/T 
N/D 
T/D 
~~- Flower color 
Purple 
0 
136 
53 
0 
12 
201 
Magenta 
90 
0 
0 
19 
0 
109 
Total 
90 
136 
53 
19 
12 
310 
40 
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Figure 1. Diagr ams showing three possible order of genes 
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2) Four additional lines showing nonfluorescent roots. 
Fluorescence in soybean roots was first described by Chmelar (1934) and 
by Chmelar and Mostovoj (1934). Reports of nonfluorescing root phenotypes 
in both Glycine max and G. soja have been made by Grabe (1957), Fehr and 
Giese (1971) and Broich (1978) . Genetics studies by Delannay and Palmer 
(1982) indicate that absence of root fluorescence in G. max is controlled 
by four independent genes; three of these genes are recessive (fr1, fr 2 and 
fr 4) and one is dominant (Fr3). To date, the geographic distribution of 
these four genes appear ed to be unequal ; fr1 was found in accessions from 
t he Far East and Europe; fr 2 was found only in European accessions , while 
Fr3 and fr 4 were found only in accessions from Asia. 
Herein, we report the genetics of four additional lines which have non-
fluorescing root phenotypes. The lines are described in Table l ; the re-
sults of genetic studies are reported in Table 2 . 
The Chinese cultivar 'Mandell ' carries the nonfluorescent allele fr 2 • 
Mandell was a selection from the cultivar 'Manchu ' made at the Indiana 
Agricultural Exper iment Station and represents the first non-European acces-
sion found to carry fr
2
• 
PI 372418 is the fifth Yugoslavian accession found to carry f r 1 • 
A82g-27 , a recent introduction from the People ' s Republic of China, is the 
third accession from China known to carry fr1 • A82g- 27 phenotypically re-
sembles our standard fr1 line ' Minsoy ' . 
PI 339871B is the second nonfluorescent accession of G. soja to be 
classified genetically. It was originally col lected on Cheju Island off 
the southern coast of the Korean peninsula . PI 339871 was morphologically 
heterogeneous and was separated into "A" and "B" forms by germplasm curators 
in the United States . Broich (1978) reported the presence of root fluores-
cence in the " A" form and both presence and absence of root fluorescence in 
the "B" form . Data presented here indicate that nonfluorescence in PI 339871B 
is due to fr 4 , an allele previously known only from accessions of G. max . 
Of the 116 Korean accessions of G. max tested so far (Broich, 1978; 
Delannay and Palmer, 1982 ; Palmer and Yost, unpublished), only PI 424078 has 
nonfluorescent roots . PI 424078 entered the United States in a large collec-
tion of G. s o ja lines and was later classified as G. max by R. L. Bernard 
becaus e of its morphological similarity to the domesticated species. Non-
fluorescence in PI 424078 is controlled by Fr
3
, an allele found also in PI 
65549, an accession of G. soja from Heilungkiang Province , People ' s Repub-
lic of China. 
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Thus , from Korea we have discovered one accession of G. soja with an 
allele pr eviously found only in G. max (Pl 339871B carrying fr4 ) and one ac-
cession of G. max that is phenotypically somewhat similar to G. soja (Delannay 
and Palmer , 1982) and carries an allele for nonfluorescent roots (Fr3 ) known only from an accession of G. soja, These data seem to corroborate the numer-
ous reports of introgression between G. max and G. soja (see Br oich , 1978) . 
Additional genetic studies of root nonfluorescence in G. max and G. s o ja ac-
cessions from Korea a r e now in progress with the hope of f urther elucidating 
evolutionary processes within the Genus Glyc ine subgenus Soja. 
Table 1. Soybean accessions showing nonfluorescent roots when exposed to 
ultraviolet light 
Accession Country of origin 
Mandell The People ' s Republic of China 
(Northeast; selection from the cultivar Manchu ) 
PI 339871B* 
PI 372418 
A82g-27+ 
Ko r ea (Cheju Island) 
Yugoslavia 
The People ' s Republic of China (Teiling District) 
*Glycine soja ; all o ther s are Glycine max . 
+Plant i ntroduction number not yet assigned . 
Table 2. Root fluorescence of F2 progenies from crosses between nonfluores-
cent soybean accessions and a fluorescent standard line and the 
four standard nonfluorescent lines, respectivel y 
Unknown 
Mandell 
PI 339871B 
Pl 372418 
A82g-27 
Fluorescent 
245 
42 
135 
117 
80 
15 
55 
38 
*F = fluorescent roots. 
fr
1 
Minsoy 
F NF 
123:96 
43:85 
0:40 
0:54 
+ NF = nonfluorescent roots . 
Standard nonf luorescent lines 
f r
2 
Fr3 
f r
4 
PI 290136 PI 424078 PI 404 154 
F NF F NF F NF 
0:238 35 : 30 
161: 11 2 0 :100 
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3) Fr
1 
and fr
1 
near-isogenic lines. 
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The substances responsible for fluorescence in soybean roots have not 
been identified and their function is not known, but the trait is useful in 
both physiological and genetic research. Therefore, we decided to develop 
near-isogenic lines in the cultivar 'Hark ' with the Fr1 Fr1 (root fluorescent) 
genotype and the fr1 fr1 (root nonfluorescent) genotype. 
The original cross was 'Minsoy' fr1 fr1 x Hark scent F2 plant was selected and used as male parent 
The following crossing schedule was employed : 
Fl Minsoy x Hark 
F2 selected fr1 fr1 plant 
BC 1 Hark x fr1 fr1 
BC2 Hark x BC1F1 
BC
3 
Hark x Fr1 Fr1 
x Fr
1 
fr
1 
Fr1 Fr1 . A nonfluore-
with Hark as female. 
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Starting at BC3 , we used eight different plants of BC2F1 in crosses with 
Hark. We made eight or more hybrid seeds from each of the eight BC2F1 plants. 
We checked root fluorescence of selfed seed from each of the eight plants . 
BC3F1 seed from one cross between Hark and a BC7F1 plant segregating for root fluorescence were saved to use as a parent for che next generation. 
BC4 as described for BC3 
BC6 We selected one plant that was Fr1 fr1 , based on progeny 
testing . Fz plants that were Fr1~ and fr1 fr1 were selected . F2-plant 
progeny rows from the fluorescent ·types Fr1 Fr1 and Fr1 fr1 were planted and 
genotypes identified, based on nonsegregation and segregation for fluorescence . 
About 100 seed of the genotypes Fr1 Fr1 and fr1 fr1 were planted in the 
field in 1982 . Plants of each genotype were single- plant threshed and prog-
eny tested to confirm their genotypes. No misclassifications were evident . 
Seed of each genotype were bulked separately. Seed of these near-isogenic 
lines are available for distribution. 
Reid G. Palmer - USDA 
Steven L. Broich -
Oregon State University 
Xavier Delannay - Nonsanto 
Agricultural Products Co . 
4) Trisomic inheritance of a chimera in soybean . 
Introduction : In the summer of 1978, four chlorophyll-chimeric plants 
were observed within a population of 'Clark'. The four plants had a similar 
phenotype, and were surmised to originate from a common parent. These four 
plants were single- plant threshed. Progeny rows from these plants were 
grown the summer of 1979 to look for segregation; progeny rows might include 
yellow plants and green plants, in addition to chimeric progen~r . No segre-
gation was observed; progeny were all chimeras, with no yellow or green seg-
regants. 
Reciprocal crosses with green plants were made to examine the inheri-
tance of the trait. Also, some crosses were made to provide a preliminary 
examination for linkage relationships, in case the trait proved to be con-
trolled by genetic rather than cytoplasmic inheritance. 
Examination of F1 plants suggested genetic rather than cytoplasmic in-
heritance, as reciprocal F1s were green. Determination of the inheritance 
of the character was inconclusive upon examination of the F2 populations; 
however, it was determined that a gene controlling the character might be 
located on the extra chromosome of trisomic line Tri A (see Palmer, 1976). 
Subsequently, this study was initiated to identify: 1) the mode of 
inheritance of the trait, and 2) whether a gene or genes controlling the 
trait are located on the extra chromosome of Tri A. 
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Materials and methods: Mutant plants were crossed to Trisomic A plants, 
and the F plants grown in the summer of 1981. Attempts to obtain chromosome 
counts on1F plants were unsuccessful. F2 progenies were germinated in the 
sandbench tAe following winter, and were classified as green or chimeric, at 
the first trifoliolate stage. 
Chromosome counts were obtained on F2 plants from each F2 family to de-
termine the chromosome number of the F1 , using the method of Palmer and Heer 
(1973). F3 progenies were developed f r om F2 plants that had elevated ratios 
of green-to-chimeric plants, by transplanting these F2 plants to the field 
in the summer of 1982. F2 plants were single-plant tnreshed, and resulting 
F3 progenies were classified by observing phenotypes of plants grown in the 
sandbench the following winter. 
Results and discussion: Segregation ratios of F2 progenies formed two 
distinct groups (Table 1). One group exhibited a green :mutant segregation 
ratio of between 3.0:1 and 4 . 3:1 . The second group exhibited a substantial-
ly higher proportion of green plants, with segregation ratios ranging from 
12.4:1 to 22 .0:1. Percentage emergence was very high, and did not appear to 
be an i nfluencing factor . 
It was suspected that the F~ progenies exhibiting an elevated frequency 
of gr een plants resulted from trisomic F
1 
plants. By checking chromosome 
numbers of F2 plants from each progeny, the suspicion was confirmed (Table 
2). Variable numbers of individuals in each class are due to variable per-
centage germination . 
Each of the F
2 
progenies with higher ratios of green to chimeric plants 
was found to contain plants with 41 chromosomes; it can be safely concluded 
that these progenies were derived from trisomic F1 plants. None of the 
plants from progenies with segregation ratios of 3.0-4.3:1 was found to be 
trisomic. It is assumed that these progenies were derived from F1 plants 
with 40 chromosomes. 
Verification for trisomic inheritance was obtained by examining the 
segregation of the F3 progenies (Table 3) . Progenies from 40-chromosome 
p l ants that segregated for the trait exhibited a 3 . 4 :1 ratio. Progenies 
from 41- chromosome plants that segregated exhibited a 12.5:1 ratio. 
These data, summarized in Tables 1, 2, and 3, provide the information 
necessary for establishing trisomic inheritance of the mutant trait. The 
duplex condition in trisomic heterozygotes (AAa) results in a greatly re-
duced frequency of homozygous recessive individuals . The chi-square fit of 
the segregation of progenies from trisomic plants to segregation of proge-
nies from disomic plants (Tables 1 and 3) indicates a difference at the 1% 
level of probability. This provides sufficient proof that a locus control-
ling the trait is located on the extra chromosome of the line Tri A. 
Segregation ratios from 40-chromosome plants provide a way to examine 
the inheritance of the mutant trait. In 1981, the segregation of F2 prog-
enies was about 3 . 7:1, pooled over all progenies (Table 1). Many of the 
classes did not fit a 3:1 ratio; likewise, the pooled information did not 
fit a 3:1 ratio. The data were observed to be homogeneous. In 1982, t he 
segregation ratio from 40-chromosome F3 progenies was about 3 . 4 :1, pooled 
over all segregating progenies (Table 3), and was homogeneous as well. The 
data from these two sources are homogeneous with respect to each other; the 
ratio us in~; thes~~ clata combi:i.ed is 3 . 7 : 1. 
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Table 1 . Observed segregation of green and chimer ic soybean plants in Fz 
progenies . Progeny groupings are according to a) those exhibiting 
a lower frequency of green plants, and b) those exhibitlng a high-
er frequency of green plants 
F2 No. of No . of 
x2 x2 
fit to fit to 
progeny green chimeric % Observed 3 . 7:1 3. 0 : 1 
number plants plants Total emergence ratio : ! 
a) 
154 490 137 627 96 . 5 3. 6 0 . 10 3 . 32 
155 723 170 893 99 . 2 4 . 3 2. 82 16 . 94** 
15 7 539 143 682 97 . 4 3 . 8 0 . 06 5 . 91* 
158 832 196 1028 97.9 4 . 2 3. 17 19 . 30** 
160 331 106 437 97.1 3 . 1 2.21 0.13 
161 675 185 860 95.6 3 . 6 0.01 5 . 58* 
164 710 195 905 95 . 3 3 . 6 0.02 5 . 76* 
166 596 186 782 97 . 8 3 . 2 2.78 0 . 62 
167 563 149 712 94 . 9 3 . 8 0 . 07 6. 30* 
168 162 54 216 86 . 4 3 . 0 1. 72 o.oo 
169 269 86 355 88 . 8 3 . 1 1. 76 0 . 11 
171 267 75 342 97.7 3 . 6 0 . 07 1. 72 
172 481 119 600 100.0 4.0 0.81 8 . 54* 
Totals 6638 1801 8439 96.4 3 . 7 15.60 74 . 23** 
Pooled x2 0 . 00 60 . 25** 
Homogeneity x2 15 . 60 13.97 
12 df 
b) 
156 700 32 732 97 . 6 21. 9 125 . 57** 
159 747 34 781 91.9 22 . 0 134.27** 
162 520 42 562 93.7 12 . 4 64 . 39** 
163 481 26 507 92 . 2 18 . 5 79.37** 
170 549 29 578 88 . 9 18 . 9 91. 75** 
Totals 2997 163 3160 92.9 18 . 4 495 . 35** 
Pooled x2 493.00 
Homogeneity x2 2 . 35 
4 df 
*Significant at the 5% level of probability . 
**Significant at the 1% level of probability . 
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Table 2. Chromosome counts made on remnant soybean seed of F2 progenies 
evaluated for segregation. Progenies are grouped according to 
segregation ratios as in Table 1 
F2 progeny No. with No . with No . with 
No. of 
chimeric number 40 chrom. 41 chrom. 42 chrom. plants 
a) 
154 12 
a 
155 10 
15 7 10 
158 10 
160 10 
161 10 
164 4 
166 9 
167 10 
168 12 
169 13 
171 9 
172 11 
Totals 130 
b) 
156 15 4 
159 7 6 1 2 
162 9 9 2 
163 4 12 1 1 
170 14 6 1 
Totals 49 37 2 6 
a 
Plants were discarded before classification was done. 
Table 3 . · Observed segregation of green and chimeric soybean plants in FJ progenies. Progeny groupings are 
according to a) those derived from 40-chromosome F2 plants , an b) those derived f r om 41- chromo-
some F2 plants 
F2 F3 No. of No. of x2 x2 
progeny progeny green chimeric % Observed fit to fit to 
number number plants plants Tot al emergence ratio:l 3.4:1 3:1 
a) 
156 355 130 42 172 86.0 3 . 1 0 . 25 0. 03 
347 149 45 194 97.0 3 . 3 0.02 0.34 
159 386 133 42 175 87 .5 3.2 0.14 0. 09 
162 388 154 38 192 96 . 0 4. 1 0.99 2.78 
163 420 144 40 184 92.0 3 . 6 0.12 1.04 
170 511 143 45 188 94.0 3 . 2 0 . 14 0.11 
Totals 853 252 1105 92 .1 3 . 4 1.66 4.39 
Pooled x2 0 . 00 2. 84 
Homogeneity x2 1. 66 1. 55 
5 df 
+:-
b) 
co 
156 349 57 3 60 60.0 19.0 10 . 8Uc* 
163 415 180 12 192 96 . 0 15.0 29 . 89** 
423 141 15 156 78 . 0 9.4 15 . 42** 
418 173 15 188 94.0 11. 5 23 . 48** 
170 521 173 13 186 93.0 13.3 26 . 43** 
Totals 724 58 782 86 . 9 12.5 106 . 03 
Pooled x2 105 .1 9** 
Homogeneity x2 0 . 84 
4 df 
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These segregation data do not fit either a 3 :1 segregation, or a 13:3 
segregation pattern, when a chi-square goodness-of-fit test is used. One 
possible reason that a 3:1 segregation does not fit could be reduced emer-
gence of seedlings homozygous for the mutant trait. However, emergence 
levels were quite high, especially for the F2 data, and do not appear t o be 
the cause of a poor fit. Another reason could be reduced gamete or zygote 
viability associated with the mutant trait. Such phenomena have been ob-
served to skew segregation for other mutant traits. If a 13:3 ratio due to 
digenic inheritance was expected, it should be possible to find chimeric 
plants in an F2 progeny segregating green plants the following gener ation. 
These have not been observed to date; however, only six chimeric F2 plants 
have been progeny tested. Additional chimeras will be identified in 1983 
and single-plant threshed. These chimeras will be progeny tested. Linkage 
between two loci could explain the deviation from the expected segregation 
of 13:3. 
With the data presently available , the inclination is to accept the 
simpler hypothesis of a reduced transmission rate of the mutant causing the 
deviation from the expected 3:1 ratio. No gene symbol or Genetic Type Col-
lection number is being requested at this time. 
Summary: Though primary trisomics in soybeans have been available for 
use in gene mapping studies for several years (Palmer, 1976; Sadanaga and 
Grindeland, 1979), no reports exist in the literature of linkage groups or 
loci being located on chromosomes through observation of trisomic inherit-
ance. Soybeans have 40 chromosomes, small and for the most part morphologi-
cally indistinguishable. Primary trisomics will almost certainly need to 
be utilized to establish the 20 linkage groups of soybeans and to associate 
each wit h a particular chromosome. And, in turn, it is necessary to associ-
ate a linkage group or locus with a chromosome in order to distinguish the 
different primary trisomics. Each new mutant trait available and each new 
linkage relationship identified will help to establish the basic genetic in-
formation necessary for efficient soybean cytogenetic study. 
This study of trisomic inheritance of a mutant trait is an example of 
the type of genetic studies that will be required to map the chromosomes of 
the soybean genome. Tri A is not associated with any of the linkage groups 
presently known in soybeans. Therefore, in one sense, this study def ines a 
new linkage group. Also, an additional mutant for use in future cytogenetic 
studies is identified. 
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